The purpose of this study was to evaluate the effect of antipsychotics on bone mineral density in bipolar disorder. A total of 44 premenopausal female patients receiving antipsychotic medication for at least 1 year and 43 healthy premenopausal female volunteers were included in the present study. Clinical evaluation was performed via Hamilton Depression Scale and Clinical Global Impression Scale, bone metabolism via serum levels of calcium, phosphorus, parathormone, alkaline phosphatase (ALP), vitamin D and prolactin, while bone mineral density via dual energy X-ray absorptiometry. Bone mineral density scores were determined to be significantly lower, while prolactin, parathormone and ALP levels were significantly higher in the patient group. Comparison of patient group in itself based on patients under atypical antipsychotic vs. atypical antipsychotic + mood stabilizer treatment revealed no significant difference between groups in terms of clinical and biochemical parameters. In conclusion, contrary to what many studies suggest, our findings revealed that atypical antipsychotics offered no advantages over other medications in the development of secondary osteoporosis in patients with bipolar disorder. There was no significant difference between patients receiving atypical antipsychotics and other mood stabilizers in terms of osteoporosis incidence.
Introduction
Osteoporosis (OP) is a systemic disease characterized by a decrease in bone mass, increase in bone fragility and an increased susceptibility to fractures. OP can place an enormous physical, medical and financial burden on individuals and their families. While the etiopathogenesis has not been clearly defined, its multi-factor origin has been proposed (1, 2) . The most important risk factor for development of osteoporosis is reduction of gonadal hormone levels. Reduction of gonadal hormone levels is generally related with menopause in women and hypogonadism in men (3) . However, it may also occur at a younger age as a complication of certain diseases or medications (glucocorticoids, methotrexate, cyclosporine A, high dose heparin, diuretics, anticonvulsants and antipsychotics, etc.) used in the treatment of these diseases. Being more commonly encountered among young female and males, the incidence of secondary osteoporosis may reach up to 64% particularly in males (4 (9) . Antipsychotic medications have been proposed to lead a reduction in BMD via decreasing gonadal hormone levels and increasing prolactin levels (9, 10) . However, BMD is also subject to the influence of various factors such as physical activity, exposure to sunlight and nutrition. These factors with their effect on BMD may have a particular importance in psychiatric disorders given the negative impact of irregular nutrition, insufficient exposure to sunlight and inactivity on peak bone mass in numerous psychiatric diseases. Antipsychotic medications are commonly used in treatment of bipolar disorder, while it is not so simple to decide whether osteoporosis is secondary to underlying disease or due to side effect of the drugs. Data available in literature on the effect of antipsychotic medications on BMD in patients with bipolar disorder are based on limited number of small-scale studies (9) (10) (11) .
The present study aimed to evaluate BMD and bone metabolism markers in patients receiving antipsychotic or other mood stabilizers with the diagnosis of bipolar disorder.
Materials and Methods
A total of 44 premenopausal female patients presented to psychiatry outpatient clinic between June 2010 and December 2011 while receiving antipsychotic medication for at least 1 year and 43 healthy premenopausal female volunteers were included in the present study. Local ethics committee approval was obtained prior to study. Written informed consent was obtained from each subject following a detailed explanation of the objectives and protocol of the study. The diagnosis of bipolar disorder was made in accordance with Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) diagnostic criteria. Severity of disease was determined via Hamilton Depression Scale, (HAM-D), Young Mania Rating Scale (YMRS) and Clinical Global Impression Scale (CGI-S). After record of data on patient demographics, bone metabolism was evaluated by measurement of serum levels of calcium, phosphorus, parathormone, alkaline phosphatase (ALP), vitamin D and prolactin via routine blood test.
Hamilton Rating Scale for Depression (HAM-D)
The HAM-D was used in its 21-item version (12) ; it has been widely adopted, has good validity, internal consistency, and inter-rater reliability (12).
Young Mania Rating Scale (YMRS)
The YMRS is a widely used instrument in research and clinical settings for measuring manic symptoms in patients who already have a diagnosis of BD. It is completed by a clinician in a format of a semistructured interview, which covers predefined anchor points. Questions focus on symptoms of mania: elevated mood, increased motor activity, increased sexual interest, decreased sleep, irritability, pressured speech, thought disorder, abnormal thought content, aggressive behavior, general appearance, and insight. The answers are rated on a scale of 0-4 or 0-8, with higher scores indicating more severe symptoms (13) .
Clinical Global Impression (CGI)
This is a well-known assessment tool, usually administered by clinicians in order to evaluate the illness severity (item 1), through the provision of a score between 0 (non-assessed) and 7 (extreme severity). Item 2 assesses the degree of improvement the patient experiences, and item 3 assesses the balance between effectiveness of the treatment provided and importance of side effects. (14) .
Bone mineral density measurements were performed via dual energy X-ray absorptiometry (DXA) from two sites including lumbar spine and femur with Ge-Lunar Dpx-Nt Pro (Lunar Corp, Adison, WI, USA) device. T and Z scores of all participants were evaluated according to criteria recommended by International Society Clinical Densitometry (ISCD) 2007 (15) .
Statistical analysis
Results are expressed as mean±SD. Analysis of data was made using computer software (SPSS version 16.0, SPSS Inc. Chicago, IL, USA). Intergroup comparison of continuous variables was performed via Student's t-test for normally distributed variables, while with Mann-Whitney U test for non-normally distributed variables.
Results
Age was determined to be 31.8±9.7 (ranged 23-49) years and 36.9±8.4 (ranged 32-48) years in the patient and control groups, respectively. Duration for the disease and related treatment was 51.0±40.0 and 9.2±5.4 months, respectively. In the patient group, HAM-D, YMRS and CGI-S scores were 5.2±3.6, 6.1±2.3 and 1.9±1.1, respectively ( Total lumbar T scores were -0.7±2.6 and 0.9±0.7, while femur total T scores were 0.2±1.1 and 1.3±0.5 in patients and controls, respectively. Lumbar BMD values were calculated to be 0.9±0.2 and 1.0±0.1, while femur BMD values were 0.9±0.1 and 1.0±0.1 in patient and control groups, respectively. Lumbar and femoral total T-scores as well as BMD values were determined to be significantly lower in patient group compared with control group (P<0.001, for each) ( Table 2 ). Prolactin, parathormone and ALP levels were significantly higher in patients than controls (P<0.001) ( Table 2 ). Comparison of patient group in itself based on patients under atypical antipsychotic mono-therapy vs. other mood stabilizer therapy revealed no significant difference between groups in terms of BMD and bone metabolism markers (P>0.05) ( Table  2 ).
Discussion
Our findings revealed that atypical antipsychotics may have a role in the development of secondary osteoporosis in bipolar disorder.
There are three principal ways for drugs being used in treatment of different diseases to affect bone metabolism: 1) increase in osteoclastic activity and induction of bone turnover; 2) suppression of osteoblastic new bone formation; 3) suppression of normal osteoid mineralization. Additionally, certain biochemical alterations may occur in bone metabolism during this process including hypocalcemia, hypophosphatemia, decrease in serum levels of biologically active vitamin D metabolites and hyperparathyroidism (3). We consider increased levels of parathormone in patient group to have a negative impact on BMD scores.
Amongst the factors associated with increased osteoporosis incidence in psychiatric patients are polydipsia (16) , use of antipsychotic medications and related hyperprolactinemia (17) , excessive smoking (16), substance and alcohol abuse (18) and limited physical activity (16) . In our study, aiming to evaluate the isolated effect of antipsychotics, patients with history of polydipsia, substance or alcohol abuse and immobilization were excluded from the study. Also, smoking rates were similar between patient and control groups. Hyperprolactinemia may have acute and chronic effects both in females and males. BMD and osteoporosis have also been ranked among these effects (19, 20) . We consider increased levels of prolactin in the antipsychotic medication receiving group to have a role in the development of osteoporosis.
Typical antipsychotic were documented to be associated with hyperprolactinemia and osteoporosis more commonly than atypical antipsychotics in schizophrenia (21) . In this regard, our findings are notable based on the indication that development of marked osteoporosis is also likely with use of atypical antipsychotics. While hyperprolactinemia developing secondary to drug therapy has been accused for the decrease in BMD in general, some authors indicate that the disease itself may have a direct role in the development of osteoporosis (10, 22) . Occurrence of low BMD in depression has been linked to increase in cortisol and decrease in estrogen levels (23) . Also in schizophrenia, negative symptoms were reported to be associated with osteoporosis (24) . Only a few studies are evident in the literature concerning the evaluation of BMD in bipolar disorder. In a past study by Yang et al. (11) conducted with 19 premenopausal female without a control group, decrease in BMD was reported in almost half of patients receiving valproate and low dose atypical antipsychotic treatment for bipolar disorder. However, to date, there no studies to conclude whether or not a drugindependent risk of osteoporosis is present in the bipolar disorder. Our findings emphasize the similar negative impact of atypical antipsychotics and other mood stabilizer agents on BMD in the bipolar disorder. Nevertheless, it is yet unknown if bipolar disorder itself contributes to the development of osteoporosis.
There is no guideline considering follow up and treatment of bone metabolism disorders in patients receiving antipsychotic drugs. Informing patients about characteristics and possible side effects of prescribed drugs is as important as life style related factors effective on BMD (4). Follow up for osteoporosis among females in the postmenopausal period is based on measurement of bone mineral density performed approximately once a year. Given the age of onset in bipolar disorder, it seems obvious that osteoporosis dependent fracture risk may occur in this population at a much younger age than in the general population. Prescription of medications for treatment of bipolar disorder with consideration of the risk-benefit ratio for each individual patient and selection of the lowest effective dose of the drug combined with close follow up of patient would be beneficial.
Being diagnosed at early ages, bipolar disorder is a life-long disorder necessitating continuous drug treatment, while antipsychotic drugs used in the treatment may cause osteoporosis. The principal drugs with well-known negative effects on BMD in bipolar disorder are lithium, valproate and haloperidol (9) . Our findings are important to show that atypical antipsychotic have negative effects on BMD in patients with bipolar disorder.
The major limitations of the present study are its cross-sectional design, evaluation of the effects of atypical antipsychotics on BMD without making a comparison to typical antipsychotics or with respect to specific effect of each drug on BMD, and the lack of data on serum levels for gonadal hormone, vitamin D and overall markers of bone turnover.
Since generally expected to manifest itself in the postmenopausal period, osteoporosis may be overlooked in young females due to failure to perform a detailed investigation. Osteoporosis is known to cause painful vertebrate and hip fractures resulting in death in one out of every five cases who developed hip fracture, while leaving survivors with severe sequel and disturbed quality of life. In this respect, it seems reasonable to assess patients diagnosed with bipolar disorder and receiving antipsychotic medication in terms of bone mineral density and risk of osteoporosis with administration of treatment when needed.
Larger scale and controlled studies are needed to clarify the adverse effects of such medications being commonly used in treatment of psychiatric diseases.
